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There is a t  present  no s tandard method f o r  the determinat ion of asphal tenes  i n  t h e  
products of c o a l  conversion,  nor  is there  any known re la t ionship  between the values  
f o r  asphal tene concent ra t ion  produced by the  var ious  a n a l y t i c a l  methods cur ren t ly  
i n  use,  Lacking a s tandard method of ana lys i s ,  a r e  comparisons of the  coa l  conver- 
sion products of t h e  var ious  processes  poss ib le?  The research described i n  t h i s  
paper a t tempts  t o  answer t h i s  quest ion a t  l e a s t  in p a r t .  

Five d i f f e r e n t  so lvent  s e p a r a t i o n  methods which a r e  cur ren t ly  i n  use f o r  determining 
asphal tenes  i n  coal-derived l i q u i d s  have been s tudied i n  the a n a l y t i c a l  chemistry 
labora tory  of t h e  P i t t s b u r g h  Energy Research Center of the U. S. Department of 
Energy. 
from t h e  Center ' s  0 .5  ton-per-day hydrodesulfur izat ion p lan t .  
produced using a fixed-bed cobalt-molybdenum c a t a l y s t ,  4,000 p s i  hydrogen, and a 
temperature of 450 O C .  The Homestead, Kentucky coal  w a s  s l u r r r i e d  i n  coal-derived 
o i l  (35% by weight coa l )  and fed t o  the p lan t  a t  25 pounds per hour. A s i n g l e  
sample of t h e  l i q u i d  product was taken, separated i n t o  f i v e  por t ions ,  and s tored  
i n  t h e  r e f r i g e r a t o r  under n i t rogen .  

The material chosen f o r  t h e  t e s t s  was a l i q u i d  product which was produced 
The material w a s  

Twenty r e p l i c a t e  determinat ions of asphal tenes  w e r e  made with each t e s t  method, 
re ly ing  not only on w i t t e n  procedures but  a l s o  on personal  contac ts  with the 
au thors  of each method. D a t a  c o l l e c t e d  include weight percent asphal tenes ,  
inso lubles ,  and oils. Standard devia t ions  were ca lcu la ted  f o r  each method and 
s t a t i s t i c a l  comparisons made between methods. 

The following a r e  s h o r t  d e s c r i p t i o n s  of t h e  f i v e  procedures s tudied:  

Method A: A ten-gram sample is ext rac ted  with benzene i n  a Soxhlet apparatus. The 
benzene is removed on a steam bath,  and 5 m l .  of benzene a r e  added t o  the  residue.  
Asphaltenes a r e  p r e c i p i t a t e d  with 250 m l  of n-pentane, and separated by f i l t r a t i o n  
through the  paper. 

Method B: 
n-pentane is added. 
and then centr i fuged.  The supernatant  l i q u i d  is decanted i n t o  a ro ta ry  evaporator 
f l a s k  and t h e  pentane washing procedure and cent r i fuga t ion  repeated t h r e e  times. 
The combined supernatant  s o l u t i o n s  a r e  then evaporated with ni t rogen t o  recover 
t h e  o i l .  Benzene is added t o  t h e  inso luble  mater ia l  i n  the cent r i fuge  tubes and 
t h e  mixing, sonica t ion ,  and c e n t r i f u g a t i o n  a r e  c a r r i e d  out  i n  t h e  same manner as 
w i t h  t h e  n-pentane. The supernatant  benzene so lu t ions  a r e  combined, evaporated 
under ni t rogen,  and f i n a l l y  freeze-dried t o  obta in  t h e  asphal tenes .  

A three-gram sample is frozen and pulver ized i n  l i q u i d  n i t rogen  and 
The sample is mixed and crushed while in an  u l t r a s o n i c  bath,  

Method C: 
apparatus .  
w a t e r  asp i ra tor .  

A three-gram sample is ext rac ted  under n i t rogen  with toluene i n  a Soxhlet  
The toluene is removed from t h e  e x t r a c t  i n  a ro ta ry  evaporator using a 

Exact ly  two m l  of toluene per gram of so luble  mater ia l  a r e  added 
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and t h e  asphal tenes  are p r e c i p i t a t e d  with a volume of n-pentane equal  t o  twenty 
times t h e  volume of toluene t h a t  w a s  added. The p r e c i p i t a t e  i s  then ex t rac ted  with 
n-pentane in a Soxhlet apparatus .  

Method D: Ten grams of sample a r e  mixed wi th  benzene, s t i r r e d  f o r  30-60 minutes a t  
30 "C, and centr i fuged.  The benzene s o l u t i o n  i s  decanted and t h e  res idue  i s  washed 
with f r e s h  benzene four  times. The so lvent  i s  s t r ipped  from the  combined super- 
n a t a n t  l i q u i d  i n  vacuo a t  30 "C, and f i n a l l y  the material is freeze-dr ied.  The 
r e s i d u e  i s  dissolved i n  f i v e  m l .  of benzene and t h e  asphal tenes  are p r e c i p i t a t e d  
wi th  a l i t e r  of  hexane. The s o l i d s  are separated by cent r i fuga t ion ,  t h e  super- 
n a t a n t  i s  s t r ipped  of hexane, and t h e  p r e c i p i t a t i o n  procedure is repeated.  The 
supernatants  are combined and s t r ipped  as before ,  and t h e  asphal tenes  are freeze-  
d r i ed .  

Method E: 
centr i fuged and then f i l t e r e d  through paper under cover of n i t rogen .  The res idue  
i n  the  cent r i fuge  tubes is ref luxed with benzene, centr i fuged,  and f i l t e r e d  t h r e e  
more times. The co l lec ted  e x t r a c t s  are evaporated under vacuum i n  a r o t a r y  evapo- 
r a t o r  a t  105 OF. Cyclohexane i s  added t o  p r e c i p i t a t e  t h e  asphal tenes  and t h e  
mixture  is ref luxed under ni t rogen.  Centr i fugat ion and f i l t r a t i o n  are c a r r i e d  o u t  
as above and are repeated once o r  twice depending on t h e  co lor  of t h e  supernatant  
l i q u i d .  The r e f l u x  f l a s k ,  cen t r i fuge  b o t t l e s ,  and f i l t e r  paper are d r i e d  i n  vacuo 
and weighed t o  obta in  t h e  weight of t h e  asphal tenes .  

Table 1 shows t h e  r e s u l t s  obtained wi th  t h e  f i r s t  t h ree  methods descr ibed above: 

Table 1. - Resul ts  with Methods A, B, and C 

A 25-gram sample is ref luxed with benzene. The supernatant  l i q u i d  i s  

% Inso lubles  +Is % Asphaltenes f l s  % Oils t ls  

Method A 5.2 f0.3 26.9 t0 .7  67.9 f0.7 (by d i f fe rence)  

Method B 7.6 t0.5 23.8 t0 .7  67.2 f0.9 

Method C 4.6 f0.5 22 f 2  70 t 3  

The d a t a  i n d i c a t e  t h a t  t h e  r e l a t i v e  s tandard devia t ions  f o r  asphal tenes  range from 
2.6 t o  6 .8%,  wel l  wi th in  t h e  range of a c c e p t a b i l i t y  f o r  a separa t ion  procedure f o r  
coal-derived materials. There w a s  considerable  v a r i a t i o n  between methods i n  the  
length  of time necessary t o  complete an  a n a l y s i s ,  i n  t h e  amount of t i m e  expended 
by t h e  ana lys t ,  and i n  t h e  product ion rate. 

I n  order  t o  determine i f  t h e  a n a l y t i c a l  r e s u l t s  produced by each of t h e  methods 
were s i g n i f i c a n t l y  d i f f e r e n t ,  Student 's  ' t '  t e s t  w a s  appl ied  t o  t h e  average of t h e  
20 r e p l i c a t e  analyses .  Table 2 shows t h e  f ind ings  obtained with t h e  f i r s t  t h ree  
methods. 

Table 2. - Signif icance* of Differences Between Methods 

Methods Compared Inso lubles  Asphaltenes - O i l s  

A VS. B S i g n i f i c a n t  S i g n i f i c a n t  Not s i g n i f i c a n t  

Avs. C S igni f icant  S i g n i f i c a n t  Not s i g n i f i c a n t  

B vs .  C S i g n i f i c a n t  Not s i g n i f i c a n t  Not s i g n i f i c a n t  

*Student's ' t '  test - a t  t h e  95% confidence l e v e l .  
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It is evident t h a t  i n  ha l f  t h e  comparisons made the  d i f fe rence  proved t o  b e  
s i g n i f i c a n t .  From t h e  r e s u l t s  obtained i n  t h i s  s tudy one can surmise t h a t  t he  
conclusions drawn from the  comparison of t h e  analyses  of coal-derived l i q u i d s  
produced by d i f f e r e n t  a n a l y t i c a l  procedures are problematical  a t  bes t .  One can 
a l s o  conclude t h a t  some acceptab le  "standard" method f o r  t h e  determinat ion of 
asphal tenes  i n  coal-derived l i q u i d s  is urgent ly  needed. 
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